Highly efficient and non-toxic DNA isolation from very old bone marrow smears TO 
THE EDITOR
In most hematological laboratories glass slide smears of bone marrow aspirates or peripheral blood cells are routinely prepared and archived. For about 10 years it has been possible to extract nucleic acids from such slides although the methods first published are very cumbersome. 1, 2 The modifications and alternative preparation methods published until now predominantly included toxic reagents like guanidium isothiocyanate and/or phenol and chloroform. 3, 4 Previous attempts to avoid toxic reagents often resulted in DNA problematic to digest with restriction enzymes, to dissolve and to use as a template for PCR analyses. 5, 6 In order to overcome these problems and to use a single bone marrow smear for isolation of DNA quantitatively and qualitatively appropriate for all methods common in molecular biology different salting-out procedures were modified. [7] [8] [9] [10] The material was scraped off with a sterile blade and thoroughly suspended in 300 l lysis buffer consisting of 0.1 M EDTA, 0.2 M Tris·Cl/EDTA, pH 8.8, and 1% sodium dodecylsulfate. After addition of 30 ng proteinase K the sample was incubated at 56°C for 60 min. Six micrograms of RNAse A were added, the tube inverted about 25 times and incubated at 37°C for 15-60 min. After cooling the sample back to room temperature 100 l protein precipitation solution (Gentra Systems, Minneapolis, MN, USA) were added. Mixing the sample on a whirl mix for 20 s and subsequently incubating it on ice for 5 min supported the precipitation. The proteins were pelleted by centrifugation at 13 800 g for 3 min. DNA precipitation took place in 300 l isopropanol and also gave better yields if 20 ng glycogen were added. After inverting the tube about 50 times the DNA was pelleted by a 5-min centrifugation at 13 800 g. After washing the DNA pellet with 300 l 70% ethanol it was ready for suspension in an appropriate volume of TE, pH 7.5. Subsequent incubation at 56°C for up to 60 min and gentle overnight shaking supported this process.
The method described here is suitable for DNA isolation from unstained as well as stained smears. It was tested for frozen smears and for slides stored at room temperature for several years. In all cases tested, the DNA yield from a single glass slide smear was at least suitable for various PCR reactions. The oldest bone marrow smears used had been stored at room temperature for 25.5 years. Still, the material from a single slide resulted in 3.3 g DNA. Interestingly, the lowest DNA yield was achieved from an unstained slide. Since it cannot be stated for certain that similar cell numbers were present on all differently pre-treated slides, we have the notion that cytochemical staining has at least no negative effect on the DNA yield. With fresher slides (not older than 4 years) yields up to 50 g can easily be expected from a single conventionally prepared smear. This seemed to be independent of storage conditions (room temperature or −80°C) as well as 
Figure 1
The prepared DNA is of high molecular weight and can be completely digested by different common restriction enzymes. Lane 1: undigested patient DNA; M: molecular size marker ( DNA/HindIII-digested); lanes 2, 4, 6, 8: patient DNA, different digests; lanes 3, 5, 7, 9: placenta DNA, different digests.
cytochemical staining (peroxidase, acid phosphatase, periodic acid-Schiff, and unspecific esterase were tested).
DNA isolated by the method described was of high molecular weight (у20 kb) as can be shown by comparison to marker DNA ( Figure 1 ) and was completely digested by a series of common restriction enzymes (BamHI, BglII, EcoRI, HindIII) (Figure 1 ). No traces of RNA could be detected (Figure 2 ). Blotted restriction gels could be used for detection of gene fragments without any difficulty. Resulting autoradiographs exhibited the expected pattern of constant and variable fragments (data not shown). The quality of the DNA prepared by this method was also sufficient for PCR analysis as shown by the representative gel in Figure 3 where the expected 215 bp amplicon was generated by specific p53 exon 8 primers.
In conclusion, the method presented here is a non-toxic way to efficiently isolate DNA of high quality and quantity in about 2 h from bone marrow smears stored up to 25 years old. To our knowledge, this is the only method for successfully preparing DNA appropriate for PCR from a single slide stored for this period of time. 10 Storing conditions and pre-treatment of the slides following the common cytochemical staining protocols for leukemia diagnosis had no obvious influence on the preparation. During the last 6 months the method described here was used for preparation of DNA serving as template for various PCR and Southern blot assays. Therefore, it has become the routinely used protocol for DNA isolation from bone marrow smears in our laboratory.
